Modified bentonite(MB) was added in culture solution with different concentration of Cd to inhibit migration of Cd from culture solution to rice seeding. Biomass of rice, Cd concentration of culture solution over time and Cd concentration of different organs of rice were determined. The result showed that MB could improve growth of rice in the culture solution with no Cd was added. MB could decrease Cd concentration of culture solution for its good adsorption on Cd, but it did not completely immobilize Cd in culture solution. Adding MB in culture solution with Cd only alleviate poison of Cd on rice.
INTRODUCTION
Rice is one of the main food crops in the world, but rice also assimilates Cd and accumulate it in the body, so Cd pollution in soil not only reduce yield and deteriorate quality of rice, but also it migrates from food to human body along food chain and injures people's health [1] . Heavy metal contaminated soil has become global concern for its concealment, irreversibility and chronicity, so it can cause potential injury on people [2] . Unfortunately, the heavy metal contaminated soil is increasing with mineral mining, discharge of heavy metal contaminated water and sewage irrigation [3] . Among different heavy metals, Cd contaminated soil is serious. In the first quarter of 2013, Guangzhou Food and Drug Administration released results of food sampling observation, it showed that Cd content of 44.4% rice and rice products exceeded national standard which caused concern about food security [4] . Cd not only accumulated in the organs of liver and kidney, it but also combined with some functional groups of protein such as hydroxyl and sulfydryl which inhibit activity of enzyme, Cd also impaired growth and metabolism of skeleton and caused osteoporosis, atrophy and deformation of bone, it was well _______________________ Nan Xin . The crops did not grow in moderate and severe contaminated soil, so the objective of repairing moderate and severe contaminated soil is to decrease concentration of metals in the soil, some restoration approaches such as soil replacement, soil-washing and phytoremediation are effective methods. However, for the mild contaminated soil, in-situ immobilization of heavy metals could inhibit migration of heavy metals from the soil to crops which guarantee the quality and safety of agricultural products. Natural clay minerals are the best heavy metal passivator to restore heavy metal contaminated soil for its environmental friendliness, but their immobilization ability is low, so natural clay minerals must be modified to increase their immobilization ability. In this paper, Modified bentonite was used as heavy metal passivator to inhibit migration of Cd from nutrient solution to rice in hydroponic pot. The objective of research is to test its feasibility as heavy metal passivator to restore Cd-contaminated soil.
MATERIALS AND METHODS

Experimental Materials
Preparation of Modified Bentonite
Bentonite is called "universal soil"; the reserve of bentonite is rich and the price is cheap, so bentonite is chosen as the raw material in our research. The bentonite used in this study was purchase from Hua xiang chemical Co. LTD, Chaoyang, Liaoning province. The surfactant of Octadearyl dimethyl ammonium chloride was used to modified bentonite to prepare organic bentonite, then organic bentonite is calcined in the muffle furnace to prepare modified bentonite(MB).
Rice Seed
The rice variety was "Jinchuan 1" provided by China-Japan Joint Research Center on Palatability and Quality of Rice, Tianjin Agricultural University.
Hydroponic Ceramic cylinders
Hydroponic ceramic cylinders (13 cm in diameter, 10 cm in height, volume of 1L) with seven uniform holes lid were used in the hydroponic pot experiment.
Experimental Design
The experiment was carried out in the laboratory of Environmental Science Department, Tianjin Agricultural University. Rice seeds were disinfected with 75% ethanol for 5 minutes and then sterilized with 0.1% sodium hypochlorite solution for 10minutes. Seeds germinated in plastic tray in constant temperature incubator with temperature of 35℃ and humidity of 90%, seedlings were raised for 20 days in vermiculite cultures then transplanted to hydroponic pots and cultured with rice hydroponic formula recommended by the International Rice Research Institute, with N, P and K concentration 40, 10 and 40 mg·L-1, respectively. Nutrient solution pH was adjusted with NaOH to about 5.5.
A completely randomized design was used, with 3 replications and 6 combined treatments of Cd(0,10mg·L-1) and modified bentonite (0,5,10g·L-1), The 6 treatments are designed as follows: T1(Cd-0,MB-0), T2(Cd-0,MB-5), T3(Cd-0,MB -10), T4(Cd-10, MB -0), T5(Cd-10,MB-5), T6(Cd-10, MB-10). The biomass of different organs (g·pot -1 ) and their Cd concentration were measured after the harvest.
Determination Methods
Wet and dry weight (The whole plant rinsed with deionized water, dried in an oven at 105 ℃ for 15 minutes and 70 ℃ 48h until constant weight) of different organs of rice were weighed by analytical balance. Cd concentration of culture solution and different parts of rice (digested by HCl and HClO 4 (4+1)) was determined by atomic absorption spectrometry (TAS-986, China).
Statistical Analysis
All data were processed using Microsoft Excel 2013, and each value of mean and S.D. (standard deviation) in the tables represents 3 replications of measurements. The assessment of effects of Cd stress, MB application and their interaction on rice seedling growth was used ANOVA procedures of SPSS16.0 software, followed by Duncan test for multiple sample comparison.
RESULTS AND DISCUSSION
Effect of Different Treatments on Biomass
The effect of different treatments on biomass was showed in figure 1 , the results showed that different treatments had significant influence on biomass. Wet biomass of T6 was biggest among different treatment and versus T4 is lowest. MB was alone added in the culture solution for T1, T2, T3, the wet weight of biomass increased with the increase of MB dose, but there were no significant differences among different treatment. This result showed that MB did not inhibit growth of rice, bentonite belongs to the layered clay minerals and was also one of main activated components in soil, the structure of MB was similar with the original bentonite and only layer spacing was larger than original bentonite, so it did not cause second pollution. Besides, MB might release some trace metal from layer which might promote growth of rice when the layer spacing of bentonite was enlarged. Wet biomass of T4 was lower than T1 which clearly proved that Cd inhibits growth of rice. He studied the effects Cd stress on seed germination, seeding growth and seed amylase activities in rice, the results showed than Cd stress had bad influence on these indexes [7] . Cd stress also had some influence on enzymes and photosynthesis in growing rice seedlings [8, 9] . Wet biomass of T5 and T6 was significantly higher than that of T4 which showed that MB could prevent rice from destroy under Cd stress. Dry biomass (Figure 1 ) and wet biomass of rice showed significant correlation (R 2 =0.9286, P<0.01). Adsorption experiments proved MB had good adsorption on Cd and maximum adsorption capacity was17.182mg/g, so MB could decrease migration of Cd from culture solution to rice when MB is used as passivating agent. In order to prove this hypothesis, we detected Cd concentration of culture solution and different organs of rice as follows. 
Cd Concentration of Culture Solution
As a result of the above, different treatment had a significant influence on biomass of rice, this difference might be induced by Cd concentration of culture solution. For the non Cd treatment (T1, T2, T3), Cd concentration was lower than detection limit of TAS-986, the result showed that MB did not contain Cd, which proved MB was an environmental friendly material. However, Cd concentration of culture solution was different when 10mg/L Cd was put in the culture solution ( Figure 3 ). Cd concentration of T4 was higher than T5 and T6 which showed Cd existed in free-form in the culture solution. Cd concentration of T4 decreased and there was a linear relationship between Cd concentration and culture time which proved free form of Cd was easily assimilated by rice. Cd concentration of T5 and T6 was lower than T4 when different dosage of MB was put in the culture solution containing Cd, which proved that MB could adsorb Cd. Cd concentration of T6 was slightly lower than T5, but there was no significant difference (P>0.5). This result did not prove dosage of MB had no influence on Cd concentration of culture solution, first, MB did not well mixed with culture solution containing Cd because we only stirred mixture for 5min and adsorption did not reach equilibrium; Second, rice might secrete some enzymes which cause desorption of Cd from surface of MB. In order to prove whether MB inhibited Cd assimilation of rice, Cd concentration in different organs of rice was showed in Table 1 . Cd concentration in different organs of rice was lower than detection limits when only MB was added into the culture solution. However, Cd concentration was very high in different organs of rice for T4, T5 and T6 which showed rice had a good accumulation on Cd. The order of Cd accumulation in different organs was as follows: Root>Dead leaf>Stem>Fresh leaf. Stem was the channel of nutrient transportation, but Cd concentration was not highest among the different organs which proved that stem was not the main organs of accumulation. Cd concentration of Dead leaf is only a little lower than root which showed that Cd accumulation in the leaves could destroy their growth. Besides, we also noticed that MB did not inhibit migration of Cd from culture solution to rice for the T5 and T6 because Cd concentration of fresh leaves of these treatments is higher than that with no MB was added. This result din not show MB had no influence on migration of Cd, the reasons were that adding MB into culture solution could decrease Cd concentration (see Figure 3) comparing to the control which alleviate poison of Cd on rice, so biomass of T5 and T6 is higher than T4. MB showed a good adsorption on Cd in water solution, but it did not completely immobilize Cd in culture solution, this might have relationship with low energy of bond between Cd and MB.
CONCLUSIONS
MB could improve growth of rice under culture solution with no Cd was added, and Cd concentration of different organs was lower than detection limit which proved than MB did not cause second pollution. MB could decrease Cd concentration of culture solution for its good adsorption on Cd, but it did not completely immobilize Cd in culture solution. Adding MB in culture solution with Cd only alleviate poison of Cd on rice and did not inhibit migration of Cd from culture solution to rice, so we will develop some modified materials which had strong chemical bond between Cd and modified materials.
